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SYNOPSIS 
Syntactic foams (SF'S) are those class of polymer composite foam materials that 
generally consist of preformed hollow glass, ceramic or polymer rnicrospheres, called 
microballoons, dispersed in a polymer matrix or binder. The compositions and 
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densities of syntactic foams are predictable, since these unique foams are constructed 
by filling mechanically the microballoons into the matrix rather than foaming them by 
conventional means. The work looks into the aspects of (i) processing of fibre-free 
and 6mrn length chopped fibre-bearing SF'S in the density range 620-700 kg/m3 (ii) 
non-destructive examination (iii) characterization of mechanical properties in 
compression and flexure modes and (iv) effect of absorbed moisture on compressive 
strengths of a fibre-bearing foam Chopped glass fibres with three different resin 
compatibility treatments namely epoxy, phenolic and polyester were chosen to go 
along with epoxy novolak (Araldite LY5052 and HY5052) binder system and glass 
microballoons as the constituents of SF'S. The different resin compatible treatments 
were chosen to examine their effect on the resultant mechanical properties. 
The program comprised of fabrication of fibre-free syntactic foam initially. This was 
followed by fabrication of foams containing epoxy compatible (abbreviated ExSF in 
this work) chopped glass fibres having 0.9, 1.76, 2.64, 3.54 and 4.54 volume 
percentage and coded ElSF, E2SF, E3SF, E4SF and E5SF respectively. Syntactic 
foams bearing 3.54 volume percentage of polyester compatible fibres (coded PESF) 
and all the epoxy compositions viz., ElSF to ESSF, except E4SF, were fabricated by 
addition of fibres at the initial stage. For the case of E4SF and a foam bearing 2.54 
volume percentage of phenolic compatible fibres (abbreviated PHST;) an alternative 
procedure of introducing the fibres at a later stage was followed. This procedural 
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change was evolved, as one of the main topics of the thesis was to study the effect of 
processing route on the mechanical (i.e. compression and flexure) properties of the 
resulting foams. The percentage void in these reinforced (i-e. fibre-bearing) f o a m  
ranged from 6- 11 % compared to a low void content (< 0.5 9%) in the fibre-free foam 
slabs. 
Ultrasonic C-scan method (non-destructive testing) using through transmission 
method was employed to characterise the foams to bring about the effect of 
processing route on the foam structure. It was inferred that the foams processed by the 
procedure in which the fibres were added at the initial were found to have an uniform 
spread of voids while in the other (ie., E4SF) case an accumulation of voids in certain 
regions was noticed which again brings about the dependence of microstructure on the 
processing route. 
Test specimens conforming to the required ASTM specifications were made from all 
the fabricated foams and subjected to compression and three-point bend testing. It was 
found that both the compressive strength and modulus values increase with the 
volume percentage of fibres except for the slab coded E4SF. The compressive 
strength of ElSF specimens was found to be lower than those made from the fibre- 
free (i.e. unreinforced) syntactic foam slabs. This discrepancy was attributed to the 
increased volume fraction of voids (0.09) in the former compared to negligible void 
bearing (0.0045) nature of the latter. Incidentally, recording of a higher density value 
of the fibre-flee foam compared to ElSF also explains this. On the otherhand, test 
samples made from E2SF, E3SF and ESSF slabs show compressive strength values 
which were higher than the fibre-fcee foam emphasizing the existence of a certain 
critical volume fraction of fibres required to strengthen the composite foam 
effectively despite having an increased level of voids in the structure. As regards the 
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compressive strength of E4SF variety, it was found to be lower than the fibre-free 
system This unusual trend was traced to the intentionally adopted processing 
variation in the fabrication of E4SF where both clustering of fibres as well as greater 
degree of accumulated voids were found to occur. Whereas the compressive strength 
and modulus values for PHSF were found to be close to the epoxy counterpart (i.e. 
E4SF), those made from PESF show higher values than the E4SF. Scanning electron 
microscopy was successfully used as a tool to study the fiactographic features of the 
failed samples to explain the observed trends in the mechanical data. The work points 
to the fact that the incorporation of fibres into the syntactic foam system of similar 
density levels improves the compressive strength and modulus values. 
As regards the flexural data, the strengths of the fibre-bearing foams such as ElSF, 
E2SF, E3SF, E4SF, ESSF, PHSF and PESF are higher than the fibre-free foam. Here 
again E4SF displays a deviation from the increasing trend in the property values 
underlying the importance of processing route for making these advanced structural 
materials. For similar density levels, it was observed, the reinforced syntactic foam 
exhibits less brittle microscopic features than the unreinforced one. The work points 
to the reinforced foams to be a better sandwich core for structural applications 
compared to the unreinforced one of comparable density values. 
With regards to the absorption in aqueous and hygrothermal media on the 
compressive properties of fibre-bearing syntactic foam, the program involved either 
exposing the samples to water vapour or immersing in a saline or natural seawater 
media. After establishing the moisture absorption trends through weight 
measurements as a function of time in different environmental media/conditions, the 
test samples were subjected to compression testing. It was found that percentage 
water absorption was more in the samples exposed to water vapour compared to the 
iv 
saline and seawater immersed cases. This is ascribed to the presence of larger sized 
ions in saline and seawater situations. Compared to the unexposed (dry) sample the 
compressive strengths for the water vapour exposed cases were found to decrease 
while for saline and seawater immersed specimens the strength values recorded were 
higher. This difference in behavior is traced to the higher percentage of water 
absorption in the case of water vapour exposed samples compared to the saline and 
seawater immersed ones as well as the possible influence of the damage in the 
interfacial regions could have on the strength properties. 
